Cancer stem cells (CSC) represent a malignant subpopulation of cells in hierarchically organized tumors. They constitute a subpopulation of malignant cells within a tumor mass and possess the ability to self-renew giving rise to heterogeneous tumor cell populations with a complex set of differentiated tumor cells. CSC may be the cause of metastasis and therapeutic refractory disease. Because few markers exist to identify and isolate pure CSC, we used cell-based Systematic Evolution of Ligands by EXponential enrichment (cell-SELEX) to create DNA aptamers that can identify novel molecular targets on the surfaces of live CSC. Out of 22 putative DNA sequences, 3 bound to~90% and 5 bound to~15% of DU145 prostate cancer cells. The 15% of cells that were positive for the second panel of aptamers expressed high levels of E-cadherin and CD44, had high aldehyde dehydrogenase 1 activity, grew as spheroids under nonadherent culture conditions, and initiated tumors in immune-compromised mice. The discovery of the molecular targets of these aptamers could reveal novel CSC biomarkers.
In most cancer cases, patient mortality results from metastasis. 1 A new model of cancer has recently emerged based on experiments that measure the ability of isolated subpopulations of tumor cells to initiate tumors. [2] [3] [4] [5] [6] In this model, a hierarchy of cell types exists within a tumor. This hierarchy is created and sustained by the presence of cancer stem cells (CSC) that divide asymmetrically, giving rise to daughter CSC and highly proliferative progenitor cells. According to this CSC model, metastasis can be understood as the shedding, migration and engraftment of CSC to distal sites.
One factor influencing the relatively low frequency of metastasis observation, despite the millions of tumor cells that are shed daily from solid tumors, may be the relative rarity of CSC in the primary tumor. Further, CSC may be naturally shielded from drugs through their niche, or they may avoid the cytotoxic effects of drugs by infrequent cell division. Indeed, it has been suggested that CSC may be drug-and radiation resistant. [7] [8] [9] [10] Although CSC have been identified in hematologic, melanoma, breast, brain, pancreatic and colon cancers, [11] [12] [13] [14] [15] [16] specific markers that clearly identify CSC are not available, and most assays are dependent on CSC-enriched cell populations. 17 Therefore, the discovery of new markers that clearly identify CSC will help us to understand the nature of metastatic tumor cell populations and, as a result, allow the creation of new avenues to specifically identify these cells for targeted therapies.
There are many methods of biomarker discovery, but only two methods produce molecular probes that can be used to detect the target biomarkers, namely, phage display and Systematic Evolution of Ligands by EXponential enrichment (SELEX). Out of these two methods, SELEX produces molecular probes, termed aptamers, which are single-stranded oligonucleotides that selectively bind to target proteins and other small molecules with high affinity. They can be completely synthesized in vitro and therefore require no animal or bacterial hosts for production. When compared to antibodies, aptamers have many other appealing features, including low molecular weight, easy chemical modification, low toxicity and immunogenicity and long shelf-life.
Aptamers are selected from libraries of random sequences of synthetic DNA through repetitive binding of these oligonucleotides to target molecules by SELEX, 18, 19 an iterative in vitro selection process that generates aptamers with high specificity and affinity to their target molecules. To produce probes for molecular analysis of live tumor cells, we developed a novel method for cell-based aptamer selection called cell-SELEX. 20, 21 In cell-SELEX, instead of using a single purified molecule as a target, whole live cells are used as targets to select DNA aptamers. We have applied cell-SELEX to several in vitro systems of human disease, and we have selected aptamers for several types of leukemia cells, small cell lung cancer, liver cancer, colorectal cancer, ovarian cancer and viral-infected cells. 20, [22] [23] [24] [25] [26] [27] [28] In each case, it has been possible to select a panel of aptamers that bind specifically to the target cells. We have shown that these aptamers can be used to recognize cancer patient samples and bind to tumors in live animals. 29, 30 Furthermore, once aptamers have been selected using cell-SELEX, we have shown that biomarker discovery is possible by using aptamer precipitation methods to purify and sequence aptamer protein targets. 31, 32 On the basis of our previous work, we have hypothesized that a cell-SELEX approach targeting CSC-enriched populations would be able to identify novel markers for CSC by creating DNA-aptamers that bind specifically and with high affinity to the CSC-enriched population. Therefore, combining cell-SELEX with an appropriate human CSC tumor model should result in the development of a system able to detect and identify expressed proteins that are both upregulated in CSC and functionally involved in specific stages of the tumor growth process.
Prostate cancer has become the most frequently diagnosed cancer and the second leading cause of cancer-related deaths in North American men. 33 Surgery and radiation therapy are widely used to treat prostate cancer patients, and although largely successful in early stage disease, these treatment modalities have poor outcomes in advanced metastatic prostate cancer. 34, 35 In addition, the prostate-specific antigen test is not clearly associated with reduced mortality from prostate cancer; consequently, there is a great need to discover new markers and diagnostic assays for prostate cancer. 36, 37 There are now several reports suggesting that prostate cancers may originate from CSC. 38 In particular, cells from prostate tumors or cell lines that are CD133
to express embryonic stem cell markers. For example, cells expressing embryonic stem cell markers OCT3/4, Nanog and SOX2 are clonogenic, proliferative, and tumor-initiating.
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Recently, we reported the identification of cells expressing these embryonic stem cell markers in patient prostate cancers and human prostate cancer models. 44 Using E-cadherin (E-cad) as a marker, these cells could be isolated from prostate cancer cell lines by flow cytometry. E-cad þ cells were exclusively located in colonies demonstrating the classic malignant holoclone morphology. Moreover, these colonies exhibited OCT3/4 nuclear staining and highly expressed both CD44 and integrin-a2b1. We further demonstrated that these E-cad þ cells had characteristics indicative of the CSC phenotype, including high expression of embryonic stem cell markers (SOX2, OCT3/4, Nanog, Klf4 and c-Myc), colony formation, the ability to grow as spheres under nonadherent conditions, and a high degree of tumorigenicity in immunodeficient mice. 44 Finally, knockdown of SOX2 or OCT3/4 abolished the tumor-forming ability of these cells. 44 Since, E-cad could be used reliably as a single marker, to sort prostate CSC we chose to apply cell-SELEX to the E-cad þ subpopulation of the DU145 prostate cancer cell line to generate DNA aptamers for CSC. To this end, we generated two panels of aptamers. The first panel bound to 90% of DU145 cells and could label tumors in live animals. As such, the aptamers in this panel will be useful for detection and diagnostic purposes. In the second panel, aptamers bound to $15% of DU145 cells. In this case, aptamer binding correlated with high levels of E-cad and CD44 expression, and aptamer-positive cells exhibited high tumorigenicity as compared to aptamer-negative cells in immunodeficient mice.
Material and Methods

Cell culture
Human prostate cancer cell lines DU145, PC3, LNCaP and VCaP were obtained from the American Tissue Type Culture Collection and maintained in cell culture medium under the recommended conditions. For cell counting, cells were dissociated by trypsin and stained with 0.04% trypan blue and counted by using hemocytometer. What's new? Cancer stem cells (CSCs) appear to be involved both in metastasis and in tumors that are refractory to treatment. Unfortunately, specific markers for identifying and isolating CSCs are not yet available. In this study, the authors used a technique called SELEX to create aptamers to bind novel molecular targets on CSCs. The discovery of new biomarkers that clearly identify CSCs will help researchers further understand the nature of metastatic and refractory tumor cell populations, and will thus enable the creation of new targeted therapies.
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and purified with a ProStar reverse-phase HPLC (Varian) using a C18 column (Econosil, 5U, 250 Â 4.6 mm) from Alltech Associates. DNA synthesis reagents were purchased from Glen Research (Sterling, VA). All synthesized sequences were quantified by UV-Vis measurements with a Cary Bio-300 UV spectrometer (Varian).
Flow cytometry and cell sorting
Flow cytometry and cell sorting were performed as previously described. 44 
SELEX procedures
Prior to incubation with the target cells, $10 nmol of ssDNA library dissolved in 350 ml binding buffer (4.5 g/l glucose, 5 mM MgCl 2 , 0.1 mg/ml yeast tRNA, and 1 mg/ml BSA in Dulbecco's PBS) was denatured by heating at 95 C for 5 min and was placed on ice for 10 min. This was incubated with the target cells (2 Â 10 6 for 1st round) in 350 ml binding buffer suspension for 1 hr at 4 C. After incubation, the cells were washed three times by centrifugation with washing buffer (4.5 g/l glucose, 5 mM MgCl 2 in Dulbecco's PBS). The cell-DNA complex was resuspended in 500 ml DNAse free water and heated at 95 C for 10 min to disrupt the interaction between the DNA and the target on the cell. This was centrifuged at 15,000 rpm to precipitate the cell debris, and the supernatant containing the eluted sequences was recovered.
For the first round of selection, the entire eluted pool was amplified by PCR using the FITC-and biotin-labeled primers. The PCR product was used as a template, and after optimization, preparative PCR was performed to produce more product, which was used to prepare ssDNA. The sense ssDNA strands of the PCR product were separated from the biotinylated antisense ssDNA by alkaline denaturation and affinity purification with streptavidin-coated Sepharose beads. The eluted ssDNA was desalted, quantified and vacuum dried. The ssDNA was resuspended in binding buffer and used to perform the second round of selection. After incubation with target and elution of the binding sequences by heating, the eluted sequences were incubated with the control cells (Ecad À ) for 1 hr at 4 C. The unbound sequences were recovered by centrifugation and used to perform PCR.
This procedure was repeated until the 24th round, at which there was significant enrichment for the target cells as compared to the control cells. The enriched pools were amplified by PCR with unlabeled primers and subsequently cloned and transformed into Escherichia coli. Positive clones were picked and sequenced at the Genome Sequencing Services Laboratory, University of Florida, to determine the DNA sequences. On the basis of the sequence analysis and structure prediction, potential aptamer candidates were selected, synthesized, labeled with biotin, and then tested with DU145 cells.
Binding assays by flow cytometry
Screening potential aptamer candidates and determining their binding affinities were done by flow cytometry. Cells were detached from the culture flask by short-time treatment with 0.05% trypsin in PBS. Dissociated cells were resuspended in culture medium and incubated for 10 hr on a rocker platform to enable possible regeneration of cell-surface molecules. Cells were then harvested, washed and resuspended in binding buffer. Then, 100 ml of cell suspension containing about 5 Â 10 5 cells was added to 100 ml aptamer solution to a final concentration of 250 nM. After incubation for 30 min at 4 C, the cells were washed and incubated with strepavidin-PE-Cy5.5 or streptavidin-PE conjugate (1:400 optimized dilution) for 10 min at 4 C. The cells were then washed twice with washing buffer, and the binding signal was detected by flow cytometry. The biotin-TD05 (nonbinding sequence) was used as a control to set the fluorescence background.
To determine the apparent dissociation constant of the aptamers, parental DU145 cells were used for sequences CSC01, CSC02, and CSC08, while Ecad þ cells were used for CSC13. Cells were incubated with varying concentrations of biotin-aptamer in a 200 ml volume of binding buffer. The cells were washed twice with washing buffer and then incubated with streptavidin-PE. The signal was detected by flow cytometry. Biotin-TD05 was used as a negative control to determine fluorescence background. All binding assays were done in duplicate. The mean fluorescence intensity of the control was subtracted from that of the aptamer with the target cells to determine the specific binding of the labeled aptamer. The equilibrium dissociation constant (K d ) of the aptamer-cell interaction was obtained by fitting the dependence of the intensity of specific binding on the concentration of the aptamers, using the equation
Curve fitting was performed using SigmaPlot (Jandel, San Rafael, CA).
Flow cytometry and FACSorting of aptamer CSC13 1 cells
Prostate cancer cells were detached from T150 culture flasks with 0.05% trypsin in PBS and incubated for 10 hr in fresh medium on a rocker platform to enable possible regeneration of cell-surface molecules. Then, cells were washed, suspended in binding buffer, and incubated separately with CSC13 and nonbinding sequence TD05 for 30 min at 4 C. Cells were washed after incubation and stained with strepavidin-PECy5.5 for 20 min at 4 C. Cells were resuspended in binding buffer, and PI was added to exclude dead cells. The analysis was done using a FACSCalibur flow cytometer (Becton Dickinson). Live single cells were gated for analysis and sorted (FACSAriaSORP Cell Sorter with Diva 6.1 software, Becton Dickinson). The CSC13 subpopulation (positive and negative) cells were stained with anti-E-cadherin antibody (R&D system), and the activity of aldehyde dehydrogenase-1 (ALDH-1) was assessed. For AldeFluor assay, we used the Aldefluor kit (Stem Cell Technologies), which is designed for optimal identification and isolation of stem cells through specific interaction with human ALDH-1. The experiment followed the manufacturer's instructions. Briefly, cells obtained from CSC13 sorting by FACS were suspended in ALDFLUOR assay buffer containing ALDH-1 substrate BODIPY aminoacetaldehyde (BAAA, 1 lmol/l per 1 Â 10 6 cells) and incubated for 30 min at 37 C. As negative control, an aliquot was treated with 50 mmol/l diethylaminobenzaldehyde (DEAB), a specific ALDH-1 inhibitor, for each sample of cells. Using FACScan, the brightly fluorescent ALDH-1-expressing cells were detected in the green fluorescence channel (520-540 nm).
In vivo analysis of enriched cancer stem cells and fluorescent tumor imaging
Tumorigenicity of CSC13 þ cells was tested in an immuno-deficient mouse model. Briefly, male C.B-17/IcrHsd-SCID mice were purchased from Harlan Sprague Dawley (Indianapolis, IN). Aptamer CSC13 þ and CSC13 À DU145 cells were injected subcutaneously into groups of mice (n ¼ 5) at a dose of 1 Â 10 5 cells/mouse. Mice were regularly monitored, and tumor development was observed after four weeks of inoculation. Two positive mice developed tumors, and the tumor size was measured twice a week. Tumor volume was calculated using the formula 0.5ab2, where b is the smaller of the two perpendicular indices. Measurement was stopped when the subcutaneous tumors had reached 15 mm in diameter, and these mice were reserved for whole animal imaging. For tumor imaging, mice were fed with alfalfa free chow (Harlan) for one week before the tumor size endpoint. On the day of imaging, mice were shaved, and 150 ml of 4 mM CSC01-Cy5 conjugate was injected into the tail vein. Mice were then imaged while sedated with isofluorane using a Xenogen IVIS Spectrum Biophotonic Imager (Caliper Life Sciences, Hopkinton, MA). The University of Florida Institutional Animal Care and Use Committee approved all protocols.
Prostate spheroid formation assays CSC under certain growth conditions, such as presence of growth factors and absence of serum, can form spheres. These phenomena were therefore assessed using CSC13 sorted cells. CSC13 þ and CSC13 À cells were isolated for sorting, and examined the spheroid formation ability. The assay has been previously described. 44 Briefly, sorted cells (CSC13 þ and CSC13 À ) from PC3 were grown in suspension culture using ultralow attachment plates (Corning) to generate spheroids. The cells were cultured at a density of 500 cells/ml in serum free DMEM/F12-50/50 supplemented with 20 ng/ml EGF (Biosource), 10 ng/ml bFGF (Invitrogen), 5 lg/ml heparin (Sigma), 2 nM Glutamate, 1% penicillin-streptomycin (50 IU penicillin and 50 lg/ml streptomycin), 0.2% BSA, 1 Â B27 without Vitamin A and 1Â Insulin-Transferrin-Selenium-A (Gibco). The culture media was changed every 3-4 days.
In vitro confocal imaging DU145 cells were grown on glass-bottom Petri dishes to 80% confluency. Biotinylated aptamers were mixed with streptavidin-Alexa633 in a 1:1 molar ratio. Before imaging, dishes were rinsed with washing buffer and incubated with aptamer-streptavidin solutions for 20 min. After a final rinse in washing buffer, cells were imaged using an Olympus FV500-IX81 confocal microscope with 633 nm excitation and LP650 nm emission filters.
Statistical analysis
Differences were analyzed using Student's t-test. p-values of less than 0.05 were considered statistically significant.
Results
Aptamer selection scheme and SELEX progression
In our previous work, E-cad was reported as a surface marker for identifying prostate CSC in the DU145 and PC3 cell lines. 44 The cells expressing high E-cad showed tumorigenic potential, self-renewal ability, and high expression of embryonic stem cell markers (OCT3/4, SOX2, Nanog, c-Myc and Klf4), as well as CD44 and integrin-a2b1, which are reported as surface markers for identifying prostate CSC. On the basis of these results, the cell-SELEX methodology was applied to target E-cad þ DU145 cells. To accomplish this, a
highly purified E-cad þ cell population was isolated by gating for the top 10% of E-cad þ cells and the bottom 10% E-cad À cells by FACS (Fig. 1a) . For each round of selection, $1 Â 10 6 cells of each subpopulation were sorted. E-cad þ cells
were then incubated with the DNA pool, and nonbinding DNA was rinsed away. The bound DNA sequences were eluted and incubated with E-cad À cells to subtract DNA sequences binding these control cells. The DNA that bound to E-cad þ , but not E-cad À , cells was amplified using PCR and used in the next round of cell-SELEX. Starting at the 15th selection round, E-cad þ cells exhibited an observable flow cytometry fluorescence signal when compared to the E-cad À cells. Twenty-four rounds of selection were performed in order ensure the enrichment of the highaffinity aptamers (Fig. 1b) . Before determining the exact DNA sequences represented by the DNA-enriched pools, we assessed whether the DNA-enriched pools for selection rounds 20 and 24 were binding to proliferative populations by examining the cell growth. DU145 cells positive and negative for the 20th and 24th enriched pools were sorted by FACS, plated at the same density, and allowed to grow for 3 days. Enriched-pool positive cells showed increased cell growth as compared to enriched-pool negative cells and unsorted cells (Figs. 1c and 1d ). Since these preliminary data suggested that the enriched pools had targeted a proliferative subpopulation, these pools were cloned and sequenced to identify the specific DNA sequences that were binding to the proliferative cells.
Selectivity and affinity of selected aptamers
After cloning and sequencing enriched pools for selection rounds 15, 18, 19, 20, 21 and 22, twenty-two putative aptamer sequences were identified and synthesized. These sequences were enumerated as CSC01 through CSC22. Several of these sequences showed consistent binding to all or a part of the DU145 cell line, and the DNA sequences of these
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aptamers are given in Table 1 . A series of flow cytometrybased experiments were performed to confirm that these sequences bound selectively and with high affinity toward E-cad þ DU145 cells. Three aptamers from one family, CSC01, CSC02 and CSC08, bound to over 90% of the DU145 cells, while CSC13, CSC17 and CSC22 bound to less than $15% of DU145 cells (Figs. 2a and 2b) . The side-scatter versus aptamer signal dot-plot analysis is shown in Figure 2b , including the percentage of the cell population of CSC01-and CSC13-positive cells in comparison to the TD05 aptamer background signal. Since TD05 does not bind to DU145 cells, it is the equivalent of an isotype control for these aptamers. Aptamers were incubated with various cancer cell lines to determine the selectivity. Although CSC01, CSC02 and CSC08 were not specific to DU145, CSC11 and CSC13 did show some selectivity (Table 2) . Dissociation equilibrium constants, K d , were measured to assess the binding affinity of these aptamers. K d was measured by titrating the aptamer concentration over 2-3 orders of magnitude to generate binding curves and fitting the binding curve data to an equation that represents the ratio of bound receptors to total receptors (see Methods section for details). All tested aptamers bound with high affinity, having a K d < 32 nM. Even though CSC13 bound to a subpopulation of DU145 cells, it bound with high affinity, having a K d ¼ 2.2 6 1.0 nM (Fig. 2c) .
For these aptamers to be useful in vivo, they must bind to the cells at 37 C; therefore, the aptamers were incubated with DU145 cells at 37 C before flow cytometric analysis (Table  2 ). This analysis showed that CSC01 bound to $75% of DU145 cells at 37 C and that CSC13 still bound to $10% of DU145 cells at 37 C (Table 2) . Since protein expression profiles can change after releasing cells from their substrate, the binding of these aptamers to live adherent monolayers was also tested using confocal microscopy. Confocal imaging showed bright staining of CSC01 on the surface of DU145 cells (Fig. 3a) . CSC13, CSC17 and CSC22 showed increased staining as compared to the TD05 nonbinding aptamer, and only a subset of cells had bright staining.
We next performed in vivo binding assays to show that CSC01 could be useful for such in vivo applications as targeted drug delivery. CSC01 and TD05 were synthesized with a Cy5 dye conjugated to the 5 0 end. Near infrared fluorescent dyes, like Cy5, are useful for in vivo imaging, since tissue auto-fluorescence is reduced in the near-infrared, and nearinfrared light has a better tissue penetration than visible light. Equal doses of CSC01-Cy5 and TD05-Cy5 were injected into the tail-vein of different DU145 tumor-bearing mice, and live whole animal imaging was performed. A fluorescent signal above the TD05-Cy5 aptamer background signal was observed within 2 hr after injection for all mice that had been injected with CSC01-Cy5 (Fig. 3d) . These experiments show that our CSC aptamer panel binds selectively and with high affinity to DU145 cells and therefore has the potential for in vivo applications.
Immunophenotype of aptamer-positive cells
Using multiparameter flow cytometry, we further analyzed the expression level of E-cad and CD44 in the three aptamers 
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that bound to the small subpopulation of DU145 cells: CSC13, CSC17 and CSC22. In these assays, anti-E-cad, anti-CD44 and one of the three aptamers were incubated with cells before flow cytometry analysis. Less than 20% of DU145 cells bound to these aptamers as compared to the TD05 aptamer control. Most importantly, the aptamer-positive cells also had high expression of E-cad and CD44 (Fig. 3c) . Since our previous work demonstrated that the E-cad þ subpopulation of DU145 cells has stem cell-like characteristics, these flow cytometry data provide evidence that our cell-SELEX scheme has successfully targeted tumor-initiating cells. To test the specificity of these aptamers to other prostate cancer cells, either CSC01 or CSC13 was incubated with PC3, LNCaP and VCaP cell lines. CSC01 and CSC13 had binding patterns similar to PC3, LNCaP and VCaP compared to DU145, with CSC01 binding to $95% of these cell lines and CSC13 binding to less than 15% of PC3, LNCaP and VCaP cells (Fig. 3c) , similar to what was observed in DU145. Since the CSC13 aptamer bound to cells having immunophenotype similar to CSC, as reported in the literature, we assessed the potential of CSC13 to isolate prostate CSC. On the basis of these findings, CSC01, CSC02 or CSC08 may be useful for prostate cancer detection, while CSC13, CSC17 or CSC22 could be potential probes for detecting prostate CSC.
In vitro and in vivo characterization of CSC13 1 cells CSC13 þ cell populations also expressed high levels of E-cad and CD44, both of which are markers for the CSC population in this cell line. Therefore, it was determined whether CSC13 þ cells have cancer stem cell characteristics. One key determinant of stem cells is the capacity for self-renewal. To determine whether CSC13 þ cells have high self-renewal capability, CSC13 þ and CSC13 À DU145 cells were sorted and cultured in prostasphere under nonadherent culture conditions, as previously established for the isolation of prostate CSC. 45 As shown in Figure 4a , CSC13 þ DU145 cells showed significantly higher sphere-forming efficiency. Furthermore, sorted CSC13 þ and CSC13 À cells were cultured for 3 days and immunostained with anti-E-cad- (Fig. 4c) . Recently, aldehyde dehydrogenase 1 (ALDH1) was reported as a marker for malignant colon, prostate, head and neck squamous, lung and breast CSC.
46-50 Therefore, we analyzed the expression level of ALDH1 between the CSC13 þ and CSC13
À populations. For the ALDH1 activity assay, CSC13 þ DU145 cells were incubated with and without diethylaminobenzaldehyde (DEAB), an ALDH1 inhibitor, followed by the Aldefluor fluorescent assay reagent. ALDH activity correlates with increased fluorescence caused by the cleavage of the Aldefluor reagent. Fifty-four percent of CSC13 þ cells were positive for ALDH1 activity compared to only 10% of CSC13 À cells (Fig. 4c) .
The gold standard in determining CSC is whether the tested cells can preferentially initiate tumor development in animal models. After FACs sorting of CSC13 þ and CSC13 À DU145 cells, 1 Â 10 5 cells in PBS were injected subcutaneously into the backs of 5 SCID mice, respectively, and they were observed for tumor development and growth over a period of 4 months (Fig. 4d ). Four and a half weeks later, CSC13 þ cells yielded tumors with an average volume of 23.0 6 1.4 mm 3 in two mice out of five, whereas CSC13 À cells did not produce tumors in any mouse (Fig. 4d) 
A threshold based on fluorescence intensity of FITC in the flow cytometry analysis was chosen so that 95% of cells incubated with the FITC labeled unselected DNA library would have fluorescence intensity below it. After binding with FITC-labeled aptamer, the percentage of the cells with fluorescence above the set threshold was used to evaluate the binding capacity of the aptamer to the cells: <10% þ, 10-35%; þþ, 35-60%; þþþ, 60-85%; þþþþ, >85%. The final concentration of aptamer in binding buffer is 100 nM.
could have resulted from the low efficiency of cell sorting. Also, since aptamer sorting was performed for the first time in this study, optimum conditions should be examined by further study.
Discussion
A deeper molecular level understanding of CSC would be useful in providing greater insight into the origin of prostate cancer and new therapeutics for prostate cancer. Although it 
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is postulated that CSC maintain tumor growth, the mechanisms underlying the spread of these CSC, leading to a distinct metastatic pattern, remain to be elucidated. Although CSC are rare, they are thought to be essential for tumor regrowth and potentially resistant to therapies, making the elimination of CSC essential for long-term success in cancer treatment. 4 Therefore, finding molecular probes capable of identifying CSC with specificity is an important challenge. Since previous work 44 has shown that DU145 cells expressing E-cad exhibited stem cell-like characteristics, we applied the cell-SELEX methodology to target this CSC population of prostate cancer cells.
In this work, we have shown that the cell-SELEX strategy is powerful enough to produce aptamers, which could differentiate between subpopulations of the same cell line; however, the sequencing results were not as simple as our previous cell-SELEX experiments. Typically, 4-8 different families of 95% homologs sequences are repeated 20-40 times out of 300 clones. However, in this case, there was only one dominant family, with the next highest frequency of 95% homologs sequences repeated between 3 and 6 times out of 300 clones. To circumvent this problem, a total of 1200 clones from rounds 15, 18, 19, 20, 21 and 22 were sequenced. These sequences were then aligned using Sequencher software looking for 70% homology with a 30-base overlap. Following this analysis, 22 putative sequences were selected for further analysis. The difficulty of ascertaining putative aptamer sequences in this system is presumably a reflection of the relative similarity of cell-surface markers between E-cad þ and E-cad À cells. In most of our previous selections involving two cancer cell lines from different tissue origins, about 16 total rounds of selection were required. Even though the enrichment observed up to the 24th round was only marginal, some aptamers did develop from these pools, such as CSC01, CSC02 and CSC08, and bound to >95% of the cells with high fluorescence intensity. These aptamers may be useful for prostate cancer detection, since they have significant recognition to the four prostate cancer cell lines tested. In addition, since CSC01 bound to live tumors in a xenograft model, these aptamers could be useful for in vivo imaging studies or targeted drug delivery.
Out of the 19 putative aptamer sequences that did not bind the majority of DU145 cells, 5 sequences showed reproducible binding to <15% of the DU145 cell line. Although aptamers CSC11, CSC13, CSC17, CSC21 and CSC22 all showed promising results, we chose to study CSC13 further since it had the highest signal strength and the most reproducible pattern of binding to DU145 cells. To assess the stemness of the cells that were positive for CSC13, we showed that these cells, which also expressed markers for prostate CSC, i.e., CD44, E-cad high and ALDH1, grew as spheres under nonadherent culture conditions and initiated tumors in immunodeficient mice. On the basis of this evidence, these CSC aptamers may have utility in aptamer-targeted therapeutic platforms, such as siRNA or drug delivery, to generate therapeutics that target CSC in prostate tumors. In the future, the identification of the cell-surface molecular ligands for these aptamers will aid in the biochemical understanding of prostate cancer.
